ABSTRACT ADAR enzymes, adenosine deaminases that act on RNA, form a family of RNA editing enzymes that convert adenosine to inosine within RNA that is completely or largely double-stranded. Siteselective A®I editing has been detected at speci®c sites within a few structured pre-mRNAs of metazoans. We have analyzed the editing selectivity of ADAR enzymes and have chosen to study the naturally edited R/G site in the pre-mRNA of the glutamate receptor subunit B (GluR-B). A comparison of editing by ADAR1 and ADAR2 revealed differences in the speci®city of editing. Our results show that ADAR2 selectively edits the R/G site, while ADAR1 edits more promiscuously at several other adenosines in the double-stranded stem. To further understand the mechanism of selective ADAR2 editing we have investigated the importance of internal loops in the RNA substrate. We have found that the immediate structure surrounding the editing site is important. A purine opposite to the editing site has a negative effect on both selectivity and ef®ciency of editing. More distant internal loops in the substrate were found to have minor effects on site selectivity, while ef®ciency of editing was found to be in¯uenced. Finally, changes in the RNA structure that affected editing did not alter the binding abilities of ADAR2. Overall these ®ndings suggest that binding and catalysis are independent events.
INTRODUCTION
Adenosine deaminases that act on RNA (ADARs) are members of a family of enzymes that catalyze hydrolytic deamination of adenosines to inosines within a variety of largely or completely double-stranded RNAs (dsRNAs). Two functional ADAR enzymes that share a common modular domain organization have been characterized in mammals, ADAR1 and ADAR2. Edited substrates have been found among cellular pre-mRNAs, viral RNAs and non-coding RNAs (reviewed in 1). Inosine is recognized as guanosine by the translational machinery, thus editing creates a functional G for A replacement with the potential to change the amino acid sequence in protein coding regions. There are several known ADAR substrates where site-selective editing gives rise to functionally important isoforms of proteins from a single encoded pre-mRNA. In mammals, pre-mRNA of receptor proteins involved in neurotransmission, including serotonin receptors (2) and glutamate receptors (3±5), are edited. The glutamate receptor subunit B (GluR-B) pre-mRNA has been studied extensively and is edited at several locations (reviewed in 6). One of the A®I changes in GluR-B pre-mRNA occurs at the R/G site, where the genome encoded AGA is translated as GGA after editing, causing a change from arginine to glycine. Receptors assembled with GluR-B subunits edited at the R/G site recover faster from desensitization (5) . Another editing site in GluR-B is the Q/R site, where editing causes an amino acid change from glutamine to arginine. Editing and alternative splicing generate a glutamate receptor subunit diversity required for normal brain development and function (7) .
The ADAR enzymes have been shown to have slightly different but overlapping speci®cities. For example, both ADAR1 and ADAR2 can ef®ciently edit GluR-B pre-mRNA at the R/G site in vitro while the Q/R site is only edited by ADAR2 (8, 9) . ADAR2 has been shown to be essential for normal development in mouse (10) . The Q/R site is endogenously edited to nearly 100% in the mammalian brain with a 90% reduction in editing in homozygous ADAR2 ±/± mice (10) . There are also indications that ADAR1 is important for development, as homozygous ADAR1 ±/± mice reveal an embryonic lethal phenotype with defects in the hematopoetic system. Both ADAR1 and ADAR2 are also expressed in tissues other than brain; it is therefore possible that additional unknown substrates are present in other tissues (8, 11, 12) .
ADAR1 and ADAR2 differ in the number of dsRNAbinding motifs (dsRBM) present in the enzyme. There are three copies of dsRBMs in ADAR1, while ADAR2 contains two. The second dsRBM in ADAR1 has been shown not to be essential for enzyme activity, and the two dsRBM in ADAR2 are best aligned with the ®rst and the third motifs in ADAR1 (8, 13) . Other dsRNA-binding proteins such as Drosophila Staufen and the RNA-dependent protein kinase are members of the same family of functionally diverse proteins containing one or more dsRBMs (14) .
So far, a relatively small number of A®I editing sites have been found and it is still unclear how ADARs achieve speci®c recognition of these sites. The dsRNA structure is essential for ADAR editing, and all known substrates require an editing complementary sequence (reviewed in 1). Like most dsRNA-binding proteins, the ADAR enzymes generally bind dsRNA without sequence speci®city. However, in a previous report we have shown that ADAR2 selectively binds to the R/G editing site in vitro (15) . All selectively edited sites have been found in duplex regions interrupted by mismatches or loops (reviewed in 6,16). Promiscuous deamination, where as much as 30% of the adenosines are edited, has been observed for long stretches of completely base paired non-coding RNA (17, 18) . Mismatches and loops have been suggested to be factors that allow the ADAR enzyme to achieve site-selective deamination (19) .
To better understand the mechanism of editing we have used an RNA substrate containing the R/G editing site of the GluR-B pre-mRNA to study the requirements for selective editing (Fig. 1 ). Several studies have previously shown that both ADAR1 and ADAR2 can ef®ciently edit the R/G site in vitro (8, 20) . However, in these reports the selectivity of the editing enzymes has not been taken into account. In the present study we show that there is a distinct difference in the selectivity of editing between ADAR1 and ADAR2. We show that ADAR2 can perform R/G site-selective editing in vitro, while ADAR1 editing is promiscuous. Further, by mutational analysis we have examined the importance of the RNA structure for selective ADAR2 editing.
MATERIALS AND METHODS

Preparation of RNA substrates
Part of the rat GluR-B gene, consisting of exon 13, including the R/G site, and a shortened intron 13, was T/A cloned into the pGEM-T vector system (Promega) and named pGluR-R/G short intron (GRG-SI) (21) . The GRG-SI RNA was transcribed using the vector T7 promoter and gel puri®ed as described below. Mutants of the conserved R/G stem±loop were produced by site-directed mutagenesis on the pGRG-SI plasmid using the QuikChange Site-Directed Mutagenesis kit (Stratagene). The following complementary dideoxy oligonucleotides (Interactiva) were used: C42U46 mutant, 5¢C42U46 (5¢-GCTCAATGTTGTTATACTATTCCACCTA-CCCTGTG-3¢) and 3¢C42U46 (5¢-CACATCAGGGTAG-GTGGAATAGTATAACAACATTGAGC-3¢); G56 mutant, 5¢G56 (5¢-CCACCTACCGTGATGTGTCTTTAAGACTC-TAACGG-3¢) and 3¢G56 (5¢-CCGTTAGAGTCTTAAAGA-CACATCACGGTAGGTGG-3¢); U56 mutant, 5¢U56 (5¢-CCACCTACCTTGATGTGTCTTTAAGACTCTAACGG-3¢) and 3¢U56 (5¢-CCGTTAGAGTCTTAAAGACACATCAA-GGTAGGTGG-3¢); C42U46U56 mutant, U56 oligos (above) on the C42U46 mutated pGRG-SI plasmid; C42U46G56 mutant, G56 oligos (above) on the C42U46 mutated pGRG-SI plasmid.
Oligoribonucleotides used in the¯uorescence measurements were synthesized by Dharmacon Research Inc. Three oligos were used to form wild-type and G56 stem duplexes. The two duplexes had one strand in common, where thē uorescent nucleic base analog 2-aminopurine (2-AP) replaced the adenosine at the R/G site. The opposite strand oligo had either wild-type sequence or the G56 mutation. The 2-AP containing strand and the two complementary strands, wildtype and G56, were deprotected in 100 mM acetic acid adjusted to pH 3.8 with TEMED at 60°C for 30 min according to the protocol provided by Dharmacon Research. The deprotected oligoribonucleotides were puri®ed on a 20% polyacrylamide, 7 M urea PAGE gel, visualized using UV shadowing and eluted by crushing the gel slice and soaking overnight in 0.5 M NH 4 OAc, 0.1 mM EDTA, 0.1% SDS. The RNA was phenol/chloroform extracted and precipitated. Duplex annealing was performed with 42 pmol of the 2-AP containing strand and 62 pmol of the complementary strand in 30 ml of 1 mM Tris±HCl pH 8, 6 mM NaCl and 10 mM EDTA. The annealing reaction was heated to 65°C followed by slow cooling to room temperature. Duplex formation was analyzed by electrophoresis on a native 8% polyacrylamide gel ( Fig. 4B ; see below).
Fluorescence measurements
Fluorescence measurements of two RNA duplexes, 2-AP WT and 2-AP G56, and the single-stranded 2-AP strand were performed on a Perkin Elmer LS-50B¯uorometer. The excitation wavelength was 310 nm and the emission spectra were scanned between 335 and 430 nm. Slit widths of 10 nm were used for both excitation and emission. Ultra micro cuvettes from Hellma were used. In a total volume of 55 ml, 0.8 mM RNA was used in 25 mM Tris±HCl pH 8, 3 mM NaCl, 2 mM EDTA, 10% glycerol, 0.5 mM DTT and 100 mM KCl. The¯uorescence from the buffer alone was subtracted from the different RNA samples.
In vitro editing assay
The ADAR enzymes were expressed as previously described (15) . An aliquot of 300 fmol of wild-type or mutated GRG-SI RNA was incubated with 100 ng recombinant rat ADAR1 or ADAR2a in 100 ml containing 40 mM Tris±HCl pH 8, 5% glycerol, 25 mM KCl, 1.1 mM MgCl 2 , 1 mM DTT, 5 mM EDTA, 0.2 mM ATP, 0.16 U/ml RNasin (Promega). The reaction was incubated at 30°C for 30 min. Edited RNA was phenol/chloroform extracted and precipitated. Using AMV Reverse Transcriptase (Boehringer Mannheim) and primer Intron 13 (5¢-CATACTTGTCAGACAGGGTGAGC-3¢) RNA was reverse transcribed and the population of DNA sequences was PCR ampli®ed using Taq polymerase (Life Technologies), primer A and Intron 13. The PCR products were puri®ed using PCR Clean Up (Qiagen) and cloned into the pGEM-T Easy vector system (Promega). Separate clones were sequenced using primer A (DYEnamic ET terminator cycle sequencing kit; Amersham) at the KISeq sequence facility at Karolinska Institute (Stockholm, Sweden).
Gel mobility shift assay
Various amounts of rADAR2 (1.2±4.8 nM) were incubated with 20 fmol of [g-32 P]ATP 5¢-end-labeled 2-AP WT or 2-AP G56 RNA in 10 mM Tris±HCl pH 8, 25 mM KCl, 10 mM NaCl, 1 mM MgCl, 0.5 mM DTT, 10% glycerol, 0.1 mg/ml BSA and 0.2 mM ATP. The reaction was incubated at 25°C for 10 min in a total volume of 10 ml. Reactions were analyzed by electrophoresis on native 8% polyacrylamide gels using a FLA 3000 Phosphorimager.
RESULTS
Editing selectivity of ADAR1 and ADAR2 at the R/G stem±loop
Selective in vitro editing was analyzed on an RNA substrate derived from glutamate receptor subunit B (GluR-B) premRNA. For this study the GluR-B RNA used contains the R/G editing site situated in a 67 nt long stem±loop structure (GRG-SI) (21) . The editing selectivity of ADAR1 and ADAR2 was compared on the GluR-B R/G substrate in an in vitro editing assay. The extent of editing in single isolated substrates was determined by sequencing of cloned RT±PCR products. Siteselective editing is here de®ned as a substrate edited only at the R/G site. Out of 21 sequenced clones, three were selectively edited at the R/G site by ADAR1 (Fig. 2A) . The majority, 11 clones, had multiple edited sites in various combinations, not always including the R/G site position and with a distinct preference for the +39 site (the R/G site is 0). In contrast, ADAR2 editing resulted in a majority of the edited molecules (15 out of 19) being selectively edited speci®cally at the R/G site ( Fig. 2A) . Site-selective editing versus editing at other sites by ADAR1 and ADAR2 are compared in Figure 2B . In substrates edited by ADAR1 21% of the edited clones were selectively edited only at the R/G site. Although ef®ciency of editing at the R/G site was high for ADAR1, accompanying editing at other sites was also high, in particular at +39. The ef®ciency of editing at the R/G site was similar for ADAR1 and ADAR2. However, selective editing at the R/G site dominated the ADAR2 edited products (79%) (Fig. 2B) . Few substrates were edited at other adenosines and interestingly no preference for editing at +39 was seen. The increased number of substrates promiscuously edited by ADAR1 compared to ADAR2 cannot be explained by a saturated concentration of ADAR1 since modi®cation was totally absent in one-third of the analyzed substrates. Endogenously encoded GluR-B R/G RNA from rat brain was determined to be selectively edited at the R/G site, by us and others (data not shown; 22). Our data indicate that ADAR2 can perform siteselective in vitro editing, similar to what occurs in vivo, while ADAR1 shows a more promiscuous in vitro editing.
The effect of internal loops on editing selectivity Since ADAR2, unlike ADAR1, edits the wild-type R/G substrate with high selectivity for the R/G site in vitro, structural requirements for ADAR2 selective editing were focused upon. Site-selective editing has been found in RNA structures interrupted by bulges or loops. It has been hypothesized that these mismatched regions are used to create recognition sites for selective editing. The wild-type R/G stem±loop substrate harbors three internal loops. A mutational analysis was performed to investigate the importance of mismatched regions for selective editing (Figs 1 and 3A) . In the C42U46 mutant two of the internal loops in the stem distant to the R/G site were closed, creating a completely paired stem in the vicinity of the mismatched R/G site (Figs 1  and 3A ). This mutant RNA was incubated with ADAR2 and analyzed for editing as described above. As previously seen, the ef®ciency of editing at the R/G site in this mutant was decreased compared to the wild-type RNA (15) . However, as illustrated in Figure 3 , the selective R/G editing persisted; out of the nine clones with edited sites, eight had A®G changes only at the R/G site.
To further investigate the structural requirements for selective editing, a mutant was analyzed where the R/G site together with the two other internal loops were paired (C42U46U56). This results in a long perfectly paired stem (Figs 1 and 3A ). Unlike the previously tested constructs, this mutant substrate was not dominated by editing speci®cally at the R/G site (Fig. 3B) . Two novel sites (+11 and +44) appeared to be favored for ADAR2 editing. The lack of selective R/G editing of the C42U46U56 mutant could be due to pairing of the R/G site or the formation of a completely paired substrate. To investigate this, editing of a substrate with a single mutation (U56), pairing the R/G site, was analyzed. The mutation restored selective editing, although a large reduction in editing ef®ciency was observed (Fig. 3) . This result indicates that the decrease in selective R/G editing found with the C42U46U56 mutant RNA was due to the extended helix structure, not the paired R/G site. Taken together, the two distal internal loops in the stem±loop structure seems to have a minor effect on selective R/G editing, although the ef®ciency of ADAR2 editing is negatively affected.
The importance of the editing complementary sequence for editing ef®ciency and site selectivity Endogenously edited adenosines have been found in doublestranded regions with an opposing pyrimidine (U or C). To investigate the effect on editing selectivity, the wild-type cytosine opposing the R/G site was changed to a guanosine (G56) (Figs 1 and 3A) . This mutation has previously been seen to have a negative effect on the ef®ciency of ADAR2 editing (20) . Con®rming previous results, few molecules of this transcript were edited. Further, only 1 out of the 22 sequenced clones were edited at the R/G site (Fig. 3A) . Four other edited adenosines were detected in four independent clones, indicating that ADAR2 does not favor the R/G site over other adenosines. As illustrated in Figure 3B , site selectivity was severely affected by this mutation. Therefore, we conclude that the structure in close proximity to the R/G site is important for both editing ef®ciency and selectivity. However, we cannot exclude that the lack of selective editing is in¯uenced by the decrease in editing ef®ciency.
The opposing base affects the structural conformation at the R/G site Fluorescence measurements were used to determine if the G in the G56 mutant is causing a change in the immediate structure surrounding the R/G site, making it less favorable for editing. The adenosine at the R/G site was replaced by a¯uorescent nucleic acid base analog, 2-AP. The electronic environment surrounding the 2-AP in¯uences the quantum yield and emission maximum of the¯uorescence (23) . The 2-AP is highly¯uorescent in single-stranded RNA, while it is quenched when stacked or base paired in a helix. Fluorescence measurements have previously been used to study conformational changes at the R/G site during catalysis of ADAR2 editing (24) and in studies of other nucleic acid modifying enzymes (25±28). In our analysis, the 27 nt long single-stranded RNA with a 2-AP at the R/G site showed an emission maximum at 364 nm (Fig. 4A) . When the 2-AP RNA was hybridized to the editing complementary sequence (2-AP WT) the emission maximum decreased more than 12-fold compared to the single-stranded substrate, indicating that the adenosine at the R/G site is stacked within the helix. Thē uorescence spectrum of a duplex 2-AP G56 substrate showed a 10 times higher intensity than that of the wild-type duplex (Fig. 4A) . These results strongly suggest that the G mutation in the edited complementary sequence of G56 does not allow the 2-AP to be stacked within the helix, indicating that the G56 mutation creates a conformational change affecting the R/G site adenosine.
To con®rm that the 2-AP G56 substrate can form a stable duplex structure, the migration of this substrate was compared with wild-type double-stranded (2-AP WT) and singlestranded (2-AP) RNAs. The 2-AP G56 and 2-AP WT substrates show similar migration in a non-denaturing polyacrylamide gel (Fig. 4B, lanes 2 and 6) that is retarded compared to the single-stranded 2-AP RNA (Fig. 4B, lane 1) , indicating that not only the two strands in 2-AP WT but also in the 2-AP G56 substrate create a duplex conformation. Further, ADAR2 binding of the 2-AP WT and 2-AP G56 duplexes were investigated by gel mobility shift assay. An increasing amount of ADAR2 protein was added to the RNA duplexes and analyzed on a native polyacrylamide gel (Fig. 4B) . The ADAR2 protein binds both duplexes, with no apparent difference. This implies that the conformational change induced by the G56 mutation does not affect ADAR2 binding.
DISCUSSION
The R/G site is ef®ciently edited by both ADAR1 and ADAR2, while other sites like the GluR-B Q/R site are only edited by ADAR2 (8, 20, 29, 30) . However, the ability of the ADAR enzymes to selectively edit these natural substrates in vitro has not been investigated. In an attempt to investigate how ef®ciency of editing relates to site selectivity we have used a GluR-B derivative to analyze editing at the R/G site. Selective editing is here de®ned as modi®cation of single adenosines that has been veri®ed as endogenously edited. Selective editing at the R/G site was compared to editing at other sites within the substrate using ADAR1 and ADAR2. To study selective editing we believe that it is important to analyze a natural substrate. Phylogenetic analysis of the sequence required for R/G editing reveals an exceptionally high conservation between organisms (30). This and the size of the R/G site hairpin makes the R/G site a suitable in vitro substrate to study the selectivity of A®I editing.
The ef®ciency of R/G editing is similar for ADAR1 and ADAR2. However, we show here that ADAR1 shows poor site selectivity, promiscuously editing other adenosines in the substrate (Fig. 2B) . However, in the group of non-selectively edited adenosines there are some preferences for certain sites. In contrast, the majority of the molecules were selectively edited at the R/G site by ADAR2. Our results show the importance of analyzing editing of all adenosines in a substrate when the nature of editing at a speci®c site is under investigation. Also noteworthy is that the size of the GluR-B R/G derivative used in this analysis is in the range of 400 nt, however, edited adenosines were only detected in the doublestranded region of the R/G stem±loop. The results in this report give further evidence that ADAR1 and ADAR2 might have different roles in the cell. One hypothesis is that ADAR2 has the potential to edit speci®c nucleotides important for endogenous protein function, while ADAR1 catalyzes a more promiscuous editing that could play a role, for example, in viral defense, since one form of ADAR1 also is induced by g-interferon (31). However, we cannot exclude that additional factors may be required to achieve site-selective ADAR1 editing in vitro.
Internal bulges and loops have been hypothesized to play an important role in limiting non-selective editing. We wanted to analyze whether there was an effect of structural changes in the R/G stem±loop on ADAR2 editing selectivity. The R/G stem contains three internal loops and the R/G site is situated in one of these mismatches. By changing the structure into a perfect stem using site-directed mutagenesis, selective R/G editing was reduced. Less than 30% of the edited molecules were selectively edited, compared to nearly 80% site-selective editing of the wild-type substrate (Fig. 3B) . Therefore, this completely double-stranded molecule appears to no longer have the character of a selectively edited substrate. Recently, ADAR2 has been reported to interact with its substrate as a homodimer (32, 33) . In Cho et al. (33) it was suggested that the natural substrate induces cooperativity between the two monomers, while this is not the case for a non-selectively edited substrate that is completely double-stranded. Further, our previous analysis of the interaction between ADAR2 and the R/G stem±loop fused to a competing long synthetic dsRNA showed preferential binding to the selectively edited site (34) . It is therefore possible that the mechanism of non-selective A®I modi®cation differs from selective editing. If ADAR1 catalyzes a reaction that is exclusively of the non-selective type, this might explain the promiscuity of the enzyme. However, this cannot be determined by comparing the binding properties of ADAR1 and ADAR2. The enzymes have similar dissociation constants and by gel retardation analysis ADAR1 can be shifted to a higher order complex similar to ADAR2 (M.O È hman, unpublished results).
What determines the R/G site selectivity of this substrate? In a mutant substrate in which only two of the mismatches Figure 4 . (A) Fluorescence emission spectra of RNA samples. RNA oligonucleotides, 27 nt long, were used to make R/G substrate analogs with a 2-AP replacing the R/G site adenosine. Fluorescence intensity is plotted as a function of scanned emission wavelength (l ex 310 nm) for 0.8 mM single-stranded 2-AP, 0.8 mM duplex 2-AP wild-type (2-AP WT) and 0.8 mM duplex G56 mutant (2-AP G56). The spectra are the average of nine scans. The buffer spectrum has been subtracted in all spectra. (B) Gel mobility shift assays showing RNA duplex formation and ADAR2 binding. Lane 1, single-stranded 2-AP; lane 2, duplex of 2-AP WT; lane 6, duplex of 2-AP G56; lanes 2±5, increasing amounts of ADAR2 were added to 20 fmol of wild-type 2-AP RNA duplex; lanes 7±9, ADAR2 added to 2-AP G56 duplex, as described for lanes 2±5. Gel retardation was analyzed on 8% native polyacrylamide gels.
were closed and the R/G site was intact the selectivity persisted, although the ef®ciency of editing decreased. This suggests that the internal loops of the stem are not required for selective R/G editing and that site recognition and catalysis can be separate events. This is also in accordance with our previous results showing that this mutant substrate binds to the ADAR2 protein with the same af®nity as the wild-type substrate (15) . In Jaikaran et al. (32) it was suggested that an ADAR2 monomer binds in the vicinity of a selectively edited site but that the catalytic reaction requires association of a second ADAR2 monomer. This would explain how site recognition and catalysis could have different substrate preferences.
With an opposing C, the R/G site is not expected to be base paired. When the A:C mismatch was changed to an A:U base pair, site selectivity persisted, although the ef®ciency of editing was also reduced in this mutant substrate. Since the pyrimidines (C and U) are small compared to the more bulky purine bases this mutation is not likely to have a signi®cant in¯uence on the overall structure of the R/G stem±loop. When the C opposing the R/G adenosine was changed to a G, a 20-fold reduction in R/G editing ef®ciency was observed. This is also consistent with previous data showing that a purine (A or G) as the opposing base to the R/G adenosine gives low editing ef®ciency (20) . The total number of edited molecules was low, with other adenosines in the stem edited to the same extent as the R/G site, indicating that the selectivity for R/G editing was lost. The low ef®ciency of editing at the R/G site in the G56 mutant can therefore, at least partly, be explained by the low selectivity. Further, other endogenous sites of editing frequently have A:C mismatches, but A:A or A:G have never been observed. Nucleoside deaminases such as adenosine deaminase (ADA) and cytidine deaminase share a consensus sequence similar to the deamination domain in the ADAR family. It has been proposed that ADAR2 uses a basē ipping mechanism during catalysis, similar to what has been described for nucleoside deaminases and DNA methyltransferases (24, 35) . In a previous report an increased conformational¯exibility of the bases opposite the R/G site during ADAR2 binding has been shown, possibly to facilitate basē ipping of the adenosine (36) . Binding and catalysis was also shown to induce conformational changes within the ADAR2 protein. Our¯uorescent data shows that the opposing base is in¯uencing the conformation of the R/G site adenosine. When a G replaces the C, the R/G site adenosine is unstacked, which is different from the wild-type substrate that allows the A to be stacked in the helix. When the larger guanosine opposes the R/G adenosine in a mutant substrate the necessary conformational changes in ADAR2 during catalysis might not occur, and editing will be inef®cient. However, as seen in Figure 4B , the mutation has no effect on binding. Further, in a recent report we showed that the G56 mutant substrate competes less well with long synthetic dsRNA than the wild-type R/G stem± loop in preferential binding (34) . This observation might be due to another mechanism of editing used on the G56 substrate, similar to the non-selective editing found in long completely double-stranded substrates.
In summary we can envision at least two reasons why purines are not found as the opposing base for edited sites: (i) they have an inhibitory effect on base¯ipping that causes inef®cient editing; (ii) the mechanism of editing is non-selective and allows editing in the adjacent base paired regions. Further, we propose that the structure in close proximity to the edited site determines the nature of the catalytic mechanism and that bulges and internal loops in the adjacent region have a minor effect on site-selective editing.
The results in this report provide further knowledge on why only a few RNAs are selectively edited in vivo and how non-selective A®I editing of dsRNA is prevented.
